ߜ A unique case of monozygotic triplets, each of whom exhibits variable degrees of tonsillar ectopia, is reported. Patient X presented with a Chiari I malformation and associated syringomyelia; examination of patients Y and Z showed 4 mm and 2.5 mm of tonsillar ectopia, respectively. No such case has been reported in the literature. The discussion defines the current magnetic resonance criteria for diagnosis of hindbrain malformations and addresses the question of whether these disorders represent a spectrum or separate disease entities, with specific emphasis on genetic predisposition. Due to the 100% concordance in this case the presence of a common hereditary factor in the etiology of these malformations is highly suggested.
HIARI malformations are a group of posterior fossa anatomical defects, ranging from minor displacement of cerebellar tissue to gross dysgenesis of structures within the central nervous system. Although some of these disorders are obvious at birth, others present in adolescence or adulthood. 3 Over the past century, much has been written about Chiari malformations, but an understanding of these disorders has been hindered by lack of a uniform system of classification and agreement of pathogenesis. We report a case of monozygotic triplets ( Fig. 1) , each of whom exhibit varying degrees of tonsillar ectopia, with one demonstrating a Chiari I malformation with associated syringomyelia. Evidence suggests that genetic predisposition has significance in the etiology of Chiari II malformations, which are frequently associated with neural tube defects. 11, 21 However, Chiari I malformations have been thought to occur sporadically with only occasional neural tube involvement. If these two categories represent a spectrum of the same entity, then the hereditary tendencies of type II should apply to type I and screening should be undertaken in cases of identical siblings.
Case Report
Patient X, a 42-year-old woman, presented in April, 1991 with the complaint of progressive deterioration of gait. The patient was in her normal state of health until 2 months prior to presentation, when she began to notice gradual difficulties with ambulation. Her complaint manifested primarily in lagging of her right leg and progressive clumsiness of her lower extremities. In February 1991, the patient was hospitalized for sudden onset of numbness and deterioration in strength of her right leg. Over the course of the following 2 months, her gait progressively deteriorated. One week prior to referral, the patient experienced an acute exacerbation of her neurological condition. Magnetic resonance (MR) imaging of her cervical spine revealed the presence of a Chiari I malformation and a large syrinx involving the cervical cord (Fig. 2 left) .
Patient and Family Histories. This patient was the first of monozygotic triplets, born 3 weeks premature but of an otherwise unremarkable vaginal delivery. Her siblings appeared to be in good health with normal neurological examinations. The three sisters have no significant family history of congenital anomalies.
Examination of Siblings. Due to the rare occurrence of a Chiari malformation in one of monozygotic triplets, each sibling was subsequently examined with elective cervical MR imaging to assess tonsillar position. Patient Y exhibited 4 mm of tonsillar ectopia (Fig. 2 center) , and Patient Z revealed 2.5 mm of tonsillar ectopia (Fig. 2 right) . Due to the asymptomatic presentation and the degree of tonsillar herniation, the two latter conditions were classified as indeterminate and benign tonsillar ectopia, respectively.
Discussion

Literature Review
Chiari malformations are a group of developmental hindbrain anomalies whose etiologies are uncertain. 13 The classic malformations, originally defined by Chiari, are commonly discussed collectively. 4, 8, 9, 14 Whether these anomalies arise from different developmental aberrations or represent a spectrum of the same disease remains to be elucidated.
The literature clearly demonstrates the rarity of tonsillar R. K. Cavender and J. H. Schmidt ectopia in identical siblings. Indeed, this finding may be explained by lack of screening in such cases. In fact, to our knowledge, no screening of siblings or first degree relatives has been reported. The only additional twin case reported in the literature is that of human embryos, in which one demonstrated a Chiari malformation whereas the other exhibited normal development. 11, 20 This case by no means suggests a common genetic origin, but it does give evidence that other factors in addition to environment are responsible for embryonic dysgenesis. Although the two embryos were subjected to the same environment, only one exhibited the malformation.
In our case, all three patients presented with tonsillar ectopia, revealing 100% concordance with variable expression: patient X had a Chiari I malformation and associated syringomyelia; the remaining two siblings had variable degrees of tonsillar ectopia. There have been no formal studies to determine the incidence of tonsillar ectopia or Chiari malformation in the general population. However, an extrapolation from a study conducted by Barkovich, et al. 6 estimates the incidence of tonsillar ectopia to be approximately 3.5%. Thus, the likelihood of tonsillar ectopia occurring as three random events is 0.004%. Furthermore, the incidence of identical triplets in the general population is calculated to be one of every 62,500 births. 1 Taking together the 100% concordance of tonsillar ectopia and the likelihood that this event occurred by chance alone, it is evident that other factors, principally hereditary, are responsible for this unusual presentation.
The diagnosis of tonsillar ectopia is currently based on MR imaging criteria (Table 1) . [5] [6] [7] This anomaly is primarily characterized by displacement of the cerebellar tonsils below the foramen magnum, as best demonstrated on sagittal T 1 -weighted images. The bottom of the foramen magnum is defined as a line extending from the lowest cortical bone at the opisthion, the posterior lip of the foramen magnum, to the basion, the lowest cortical bone of the clivus (Fig. 3) . 6 In a study of 200 randomly selected patients, Barkovich, et al., 6 determined the normal mean position of the cerebellar tonsils to be 1 mm above the lower border of the foramen magnum, with a standard deviation of 1.90. Inferior displacement of the tonsils, between 1 mm and 3 mm, has been termed "benign tonsillar ectopia." 7 The clinical significance of this degree of tonsillar herniation is uncertain; however, it has been suggested that this may represent a normal anatomical variant 7 or perhaps a rudimentary form of Chiari I malformation. Tonsillar herniation between 3 mm and 5 mm is regarded as indeterminate and its significance must be correlated with the patient's clinical condition. 5, 7 This category may well represent a continuum from benign tonsillar ectopia to Chiari I malformation. The criterion for the diagnosis of a Chiari I malformation consists of tonsillar displacement of 5 mm or more below the foramen magnum. 5 Mikulis and colleagues 16 have stated that a single reference standard for tonsillar position is inappropriate, unless age is taken into consideration. Based on their findings of tonsillar ascent with increasing age, these investigators concluded that adjustment for age is necessary to determine the normality of tonsillar position. For all practical purposes, the classification scheme based on that of Barkovich, et al., 6 is most widely accepted. Chiari malformations have also been subtyped according to theories of primary or secondary etiologies, 5 and surgical prognosis, 19 with the concurrent diagnosis of syringomyelia, which occurs in approximately 40% of cases, 10 carrying the worst prognosis. Common interpretations of the initial descriptions of Chiari I and II malformations suggest two types of hindbrain pathology. 19 Although both types are associated with cerebellar herniation 10 and a structurally small posterior fossa, type II malformations also exhibit downward displacement of the medulla, cerebellar vermis, and the fourth ventricle. 8, 17, 19 This type is known to present in a younger age group, with reported cases identified in the embryo and fetus. 11, 20, 21 Type II is also documented to be strongly associated with myelodysplasia and dysmorphogenesis of the central nervous system. 11, 18 Varying degrees of pathoanatomy, with overlapping features of types I and II, have been reported in adults. 19 There have been several developmental theories of the pathogenesis of Chiari malformations. 15, 18 However, each of these theories has been discarded because of incomplete descriptions of observed anomalies. The most obvi- ous of these anomalies can be explained by disordered mechanical processes; however, other features are clearly reflections of aberrant biochemical control ( Table 2) . 15 Extensive research has been conducted regarding the etiology of Chiari malformations. The origin has been identified in the embryonic period, during the 4th or 5th week, in relation to the time of neural tube closure. 11, 18 The agents responsible for teratogenesis continue to be unidentified; 21 however, hereditary factors appear to be involved, as evidenced by the close association of Chiari II malformations with spina bifida, 2, 11, 18 and the 100% concordance of tonsillar ectopia in our case of monozygotic triplets.
Based on the anatomical criteria of classification, current theories of dysmorphogenesis, and variable degrees of overlap in clinical characteristics, it is generally accepted that the Chiari I malformation represents the upper extremity of the spectrum of tonsillar ectopia. However, it is unclear as to whether Chiari I and II malformations form a continuum or are distinct entities. Levy and colleagues 15 state that the anatomical abnormalities of Chiari malformations are parts of a spectrum that is present, in varying degrees, in both types I and II and that the classic division may be only a useful simplification. Mikulis, et al., 16 concluded that the Chiari I malformation may represent a less severe manifestation of the pathological process that results in the Chiari II malformation.
The findings of 100% concordance of tonsillar ectopia in monozygotic triplets is highly suggestive of a common hereditary origin. In support of this, a study of a homogeneous Japanese population by Ishikawa, et al., 12 clearly demonstrates the possibility of heredity as a determinant in tonsillar position. In that study the mean tonsillar position was found to be significantly higher than that reported by Barkovich, et al. 6 Our observations of heredity, tonsillar ectopia, and Chiari I and II malformations may represent clinical evidence for linking Chiari I and II malformations as a continuum in the spectrum of tonsillar ectopia. However, before a conclusion can be made, more extensive research must be conducted in this area. Screening of monozygotic siblings of affected patients may shed light on this controversial area.
